[Purpose] The purpose of this study was to investigate the effects of mirror therapy on the upper extremity functions of stroke patients.
INTRODUCTION
Among the diverse neurological disorders that appear after a stroke, upper extremity disabilities are one of the most common. These disabilities can include decreased motor ability and restriction in the functional use of the paretic upper extremity, resulting in weakening or paralysis of the muscles, abnormal muscle tone, associated reaction, problems with the musculoskeletal system, and coordination disorder 1) . Dysfunctions from upper extremity hemiparesis impair the performance of many daily activities such as dressing, bathing, self-care, and writing, thus reducing functional independence 2) . The functions of the upper extremities and hands are some of the most important functions for performing daily living and working activities.
Since 2000, mirror therapy has been much applied and studied as a method to treat the upper extremities of stroke patients. Mirror therapy in stroke patients involves performing movements of the unimpaired limb while watching its mirror reflection superimposed over the (unseen) impaired limb, thus creating a visual illusion of enhanced movement capability in the impaired limb 3) . This is a therapeutic intervention that uses visual feedbacks for neuroplasticity and triggers motivation through visual feedbacks during training 4, 5) .
Voluntary movement of the paretic upper extremity and hand using a mirror activates the bilateral cortex and causes reorganization in other areas around the damaged part of the brain, thus allowing for replacement of its function and thereby affecting motor function recovery 6) . Therefore, it is accepted as an epoch-making method in the clinical field whereby a therapist provides an intervention and manual treatment in a person-to-person manner.
Therefore, this study examined the degree to which stroke patients can regain upper-extremity functioning using mirror therapy.
SUBJECTS AND METHODS
The subjects of this study were 14 hemiplegia patients (8 males, 6 females; 9 infarction, 5 hemorrhage; 8 right hemiplegia, 6 left hemiplegia) who voluntarily consented to participate in the study. Their average age was 56.43 ± 10.68 years, their average MMSE-K was 29.71 ± 0.47, and their average poststroke duration was 7.29 ± 1.59 months. This study was approved by the Ethics Review Committee of Kangwon National University (approval number KWNUH 2013-09-003). The study was performed from 
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Korea. The inclusion criteria for the stroke patients were as follows: 1) those who were diagnosed by a doctor with hemiplegia resulting from a stroke; 2) those who did not undergo brain surgery; 3) those with a Mini-Mental Status Examination-Korea (MMSE-K) score of 24 or higher who were proven to have no cognitive function disorder; 4) those who were proven to have no disabilities in visual perceptive functions including neglect by the Motor-Free Visual Perceptual Test-Revised; and 5) those whose stroke occurred at least 6 months prior to the study.
The Korean version of the manual function test (MFT), translated by Kim 7) , was used in the present study. The time needed for evaluation in this test is short (about 10 minutes), and it can be applied easily. The MFT makes used of goniometers, a ball, a coin, a needle, a pencil, a board for carrying board cubes, a pegboard and pegs, a stopwatch, and a sheet. The test is performed in the following order: arm movement (4 items), grasp and pinch (2 items), and manipulation (2 items). The MFT was employed as an evaluation tool prior to and after the intervention. Two testers conducted the evaluation. The paretic side was assessed after the non-paretic side was evaluated. The evaluation method was explained to the subjects so that they fully understood it.
The mirror therapy program was reorganized as an intervention by the researcher to be suitable for the purpose of this study and was based on a program by Yavuzer et al. 8) and St. Gallen Protocol for mirror therapy 9) . The experiment was conducted while the subjects sat in a chair. The mirror was placed vertically in the sagittal plane on the desk. The paretic hand was placed behind the mirror, and the non-paretic hand was placed in front of the mirror so that it was reflected in the mirror. When the program began, the patients observed the upper extremity of the non-paretic side reflected in the mirror. In this position, they conducted the activities repetitively according to the mirror therapy program. The patients conducted activities by themselves, but under the supervision of a therapist. After four weeks, the MFT score for each subject was measured using the same processes as used prior to the intervention.
For the data analysis in this study, SPSS 20.0 version was used for the statistical processing. In the upper extremity function test, a paired t-test was used to analyze differences between prior to mirror therapy and four weeks after the therapy. The significance level was set at α=0.05.
RESULTS
The scores in all areas of the MFT increased after the intervention compared with before the intervention. The grasp-and-pinch score was 2.50±2.07, thus showing a statistically significant difference (p<0.05). The arm-movement score was 9.00±4.28 prior to the intervention and increased to 9.64±4.83 after the intervention, which was not a statistically significant difference (p>0.05). The score for all the activities was 13.15±7.55 prior to the intervention and 16.71±7.55 after the intervention, which is not a statistically significant difference (p>0.05) ( Table 1) .
DISCUSSION
After a stroke, 55 to 75% of stroke patients have a paretic arm that causes motor impairments 10) and experience difficulty in incorporating the affected hand into their daily activities 11) . In order to improve such upper extremity functions, researchers have been experimenting with mirror therapy. This study employed the MFT to examine the effects of mirror therapy on upper extremity functions.
The present study showed that the scores for all of the MFT activities increased after the intervention using mirror therapy. Among them, there were statistically significant differences in the grasp-and-pinch and manipulation scores (p<0.05), but there were no statistically significant differences in the arm-movement and total scores (p>0.05). Therefore, the grasp-and-pinch and manipulation functions were improved through mirror therapy. However, the size of the mirror (35×35 cm) is considered too small to observe the range of motion of the upper extremity; therefore, upper extremity movements may differ according to the position and functions of the trunk, making it difficult to the enhance the range of motion of the upper extremity with mirror therapy alone. As a result, the sum of these three items may have been affected.
A previous study that applied mirror therapy to chronic stroke patients for 20 sessions also found that there was only improvement in the arm-movement (raising the upper extremity forward) and grasp-and-pinch (grasping, moving a cube) functions 12) . However, when the upper extremity function test was conducted after mirror therapy using the MFT with subacute stroke patients as the subjects, there were significant improvements in all items [13] [14] [15] .
This study has some limitations. First, the stroke patients were hospitalized, making it hard to control the environment outside the treatment room. Second, the mirror therapy program was conducted independently, meaning some subjects were bored due to spending the 30-minute observation time alone. Prior research has noted that mirror therapy demands high levels of concentration and may be boring; therefore, it is difficult to expect active participation 9) . In this study, the supervising therapist motivated the subjects from time to time.
Future research should attempt to recify the limitations mentioned above. This study only examined chronic stroke patients; therefore, a higher number of patients with diverse diseases and conditions, including sensory damages in the upper extremity and burns, should be included in future studies. 
